INTRODUCTION
Pericallosal aneurysms represent a relatively infrequent cause of subarachnoid hemorrhage (SAH), and are often grouped with other distal anterior cerebral artery (ACA) aneurysms, including callosomarginal artery aneurysms and A3 and A4 branch vessel aneurysms. In the International Subarachnoid Aneurysm Trial (ISAT), there were 95 reported pericallosal aneurysms out of 2143 treated aneurysms, thus comprising 4.4% of aneurysms. 1 While the ISAT broadly concluded that there was a benefit of treating ruptured anterior circulation aneurysms in an endovascular fashion, studies comparing endovascular and microsurgical repair in anterior circulation aneurysms occurring at specific locations are lacking. In this study, we reviewed the results of treating pericallosal aneurysms from two institutions spanning 1999e2009.
METHODS
Institutional review board permission was sought and approved to review all inpatient, outpatient, procedural and radiographic data in these patients.
We retrospectively reviewed 7851 microsurgical and endovascular procedures performed at Emory and at Cleveland Clinic 
Treatment selection
All patients diagnosed with a ruptured or unruptured aneurysm underwent a cerebral angiogram to delineate the angioarchitecture of the lesion. In the case of a ruptured aneurysm, the patient and family were offered embolization only if the anatomy was favorable. If so, this was usually the course taken. Note that the exact definition of 'favorable anatomy' has changed with greater operator experience and further advances in endovascular materials. In non-endovascular cases, the patient was taken urgently to the operating room for clip ligation of the aneurysm. Patient preference played a larger role in the treatment of unruptured pericallosal aneurysms. However, once again if the anatomy was favorable for embolization and the patient was agreeable, the patient underwent coiling of the aneurysm.
Surgical technique
Those lesions felt not amenable to endovascular therapy were referred for surgical repair. In the certain unruptured aneurysms, frameless stereotaxic assistance was occasionally used to help target the craniotomy and dissection. Lumbar drainage was also considered due to the paucity of accessible cisterns for cerebrospinal fluid (CSF) release inherent in the interhemispheric approach. The patient was then placed in a radiolucent head frame to facilitate intraoperative angiography. The patient's torso was kept supine with the head turned either 08 or 908, depending on surgeon preference. In either case, the approach was interhemispheric with primary dissection on the right. In the latter case gravity was also employed to allow the frontal lobe to fall away from the falx.
A horseshoe-shaped, or sutar, skin incision crossing the midline was completed midway between the nasion and bregma. After completion of the right frontal craniotomy based just across the midline and straddling the coronal suture, the dura was incised in a U-shaped flap based on the superior sagittal sinus, taking care to avoid any damage to bridging venous complexes. Using the microscope, arachnoidal adhesions between the frontal lobes and falx were separated. Once the fibers of the callosal cistern were identified, both pericallosal and calloso-marginal arteries were followed proximally to the origin of the calloso-marginal artery. Dissection then proceeded along either the anterior or posterior aspect of the pericallosal artery to gain proximal control along the distal A2 or A3 segment. Once this was completed, dissection and clip ligation at the aneurysm neck were performed ( figure 1A,B) . Temporary clipping was employed to soften the aneurysm or in cases of intraoperative rupture.
Endovascular technique
Standard microcatheter access to the pericallosal aneurysms treated was achieved while under heparinization per departmental technique. The aneurysms were occluded using coil embolization with materials available at the time, and with balloon remodeling if the neck morphology was challenging ( figure 2A,B) . Over the course of 10 years, there has been significant evolution of endovascular tools, including the introduction of softer and more trackable microcatheters, microwires with better handling characteristics, smaller and softer coils, as well as balloons for aneurysm neck remodeling. This has in turn increased the proportion of pericallosal aneurysms amenable to endovascular therapy.
Post-procedural care and follow-up
Aneurysm size and method of treatment were recorded. Angiographic follow-up was obtained at 6, 12 and 24 months after endovascular occlusion, in view of the recurrence rates for endovascular patients. Clinical follow-up was also performed at that time. In the two endovascularly treated patients who were re-treated, one with clip, and the other with muslin wrapping, outcomes were recorded after the re-treatment, with outcomes attributed to the endovascular group.
Patients with SAH were admitted to an intensive care unit until deemed stable for transfer to intermediate care and received a treatment protocol that provided frequent neurological exams, daily transcranial dopplers and repeat imaging for declining neurological status. External ventricular drains (EVDs) were placed in patients with symptomatic hydrocephalus. Nimodipine was administered to all SAH patients. Management of vasospasm included intravenous magnesium infusion, hypertensive, hypervolemic and hemodilutional therapy. Intrathecal nicardipine was also employed in selected patients treated at Emory. Refractory vasospasm was treated with some combination of intra-arterial balloon angioplasty, verapamil or nicardipine. Persistent hydrocephalus was treated with ventriculoperitoneal shunt diversion (VPS), after trials of EVD weaning failed.
Elective aneurysms were treated with routine postoperative management both microsurgically and endovascularly. Endovascular patients were typically discharged the day after the procedure after routine postoperative monitoring. Craniotomy patients were typically discharged on postoperative day 3 or 4. Outcomes at the latest possible follow-up date were recorded using modified Rankin scale (mRS), typically at 6 months for microsurgical and endovascular patients able to return to clinic. Angiographic follow-up was obtained for endovascular patients up to 2 years post-procedure.
Statistical methods
The distributions of dichotomous variables and ordinal variables were compared between independent groups using chi-squared tests. ORs are presented where appropriate, along with their corresponding 95% CIs.
Logistic regression was used to model dichotomized mRS outcomes as a function of therapeutic option (ie, clip versus coil), while simultaneously controlling for the effects of HH grade, mFS, age, gender and institution.
If a patient had a pericallosal aneurysm that was treated on an elective basis after resolution of a SAH arising from another aneurysm, the patient was considered unruptured for the purpose of the study (n¼2, 2.3%).
RESULTS
A total of 88 consecutive pericallosal aneurysms were identified. Relevant demographic characteristics are listed in table 1. A comparison of the demographics between clipped and coiled patients is given in table 2. An analysis of outcomes as measured by mRS is given in table 3, and table 4 analyzes clipping versus coiling in ruptured aneurysms looking at the numbers of patients experiencing vasospasm, EVD, shunt placement and death. Figure 3 summarizes outcome distribution for clipping and coiling in ruptured and unruptured aneurysms.
Emory versus CCF
When comparing the age of both ruptured and unruptured patients, there was a tendency for slightly younger patients at Emory (n¼63, mean¼50.2) versus CCF (n¼25, mean¼55.2) (p¼0.086; two-sample t-test). When comparing age for electively treated aneurysms and SAH, there was no statistically significant difference for either (p¼0.56 and p¼0.14 respectively; two-sample t-test). There was no statistically significant difference when comparing gender of patients at both institutions overall (p¼0. 
Multivariate analysis
Multivariable analysis was conducted, showing that when outcomes were dichotomized to mRS¼0e2 vs 3e6, there was a statistically significant difference, with coiling more likely to produce a good outcome in patients with SAH. When this population was dichotomized to mRS¼0 vs 1e6, there was also a statistically significant difference, with embolization more likely to result in a more favorable outcome. When dichotomized to evaluate for likelihood of death (mRS¼6), it was also statistically significant. Elective patients did not demonstrate 16 17 These difficulties are most apparent when dealing with ruptured lesions, and with aneurysms more proximal relative to the rostrum of the corpus callosum. In such cases, dissection must take place along a very narrow and deep corridor, limited by interhemispheric adhesions and the need to minimize retraction injury to both hemispheres and bridging veins. Furthermore, proximal control is achieved relatively late in the dissection, often after exposing portions of the aneurysm itself. The evolution of modern endovascular techniques now allows the treatment of a much higher percentage of distal ACA aneurysms, and may afford better outcomes for patients.
Limitations
The non-randomized, retrospective nature of the data intrinsically limits the impact of these findings. SAH cases in which withdrawal of care occurred before diagnostic imaging was performed may result in underdiagnosis of pericallosal aneurysms. Additionally, the databases from which these patients were derived do not always clearly indicate pericallosal lesions, which also may result in under-reporting.
Frequency of pericallosal aneurysms
The number of pericallosal aneurysms collected in our data suggests a rate of 1.8%, which differs from the ISAT data, and may reflect several possibilities. First, the total dataset collected includes many unruptured non-pericallosal aneurysms, which may serve to dilute the number of pericallosals encountered. Second, the rate of rupture of pericallosal aneurysms may be greater relative to other locations, which may explain why the ISAT data have a higher proportion of pericallosal aneurysms. A third possibility may be due to differences in the populations from which these patients are drawn.
Gender of patients with pericallosal aneurysms
In the ISAT trial, 1 63% of the 2143 SAH patients were female. In contrast, 82% of our patients were female. Of the SAH patients in our series, 49/62 (79%) were female, which appears higher.
Outcomes
Patients presenting with a SAH due to a pericallosal aneurysm rupture and treated with an endovascular approach were more likely to achieve a good mRS (mRS 0e2 vs 3e6) (p¼0.028), to make a complete recovery (mRS¼0) (p¼0.017) and were less likely to die (mRS¼6) (p¼0.026). The aggregate outcome scores are arranged by percentage and found in figure 2 . All electively coiled pericallosal aneurysms had an mRS of 0 (100%), whereas there was one patient with an mRS of 4 (5%) and five patients (25%) with mRS of 1e2 in the clipped group. Of the SAH patients, patients with endovascularly treated aneurysms had mRS values of 0e2 84% of the time, whereas patients with endovascularly treated aneurysms had mRS values of 0e2 57% of the time. Proust et al 18 summarizes prior case series outcomes regarding microsurgery of aneurysms of the distal ACA, showing 'good outcome' rates ranging between 58.3% and 94.1%. The patients in most of the series they analyzed had a higher percentage of poor-grade SAH than the series presented here. Lee et al 10 published a more recent series of 20 distal ACA aneurysms clipped primarily through the standard unilateral interhemispheric approach resulting in 17 with good recovery, 2 deaths and 1 with moderate disability.
With regard to endovascular outcomes, Keston et al 15 presented their experience in 18 patients, which included seven patients with a mRS of 1 and nine patients with a mRS of 0; two patients suffered intraoperative rupture and two patients
were not yet followed at the time of publication. Menovsky et al 14 presented a series of 12 patients, 11 of whom had excellent outcome and one with mild hemiparesis and aphasia.
Patients with electively treated pericallosal aneurysms did not have statistically significant differences in outcome regardless of treatment modality. However, the elective subset had a small sample size and differences may be noted with a larger cohort. Other secondary endpoints such as EVD placement, the development of vasospasm or long-term CSF diversion did not reach significance. Selection bias may influence the distribution of outcomes, as aneurysms that an interventionalist does not deem suitable for coiling may be treated surgically and vice versa.
With regard to result durability, Lahecka et al 19 have shown no excess long-term mortality in their series of 280 patients with ruptured distal ACA aneurysms, of which 3.6% were treated endovascularly and 93.6% microsurgically with 2.8% dying before treatment. Within their series, there were no reruptures in either group. There were no microsurgical recanalizations and 2/32 (6.2%) endovascular cases requiring re-treatment. More data on the long-term outcome and durability of aneurysms treated with coiling are necessary.
CONCLUSION
Both endovascular and microsurgical management of ruptured pericallosal aneurysms are relatively safe and effective, providing outcomes superior to that of the natural history for patients with ruptured aneurysms. Endovascular therapy appears to result in better overall outcomes in the setting of a ruptured aneurysm, similar to that of the ISAT. Eighty-four percent of endovascularly treated patients had a favorable mRS of 0e2, whereas 57% of patients treated microsurgically had mRS values of 0e2. There is no significant difference in the outcomes of electively treated pericallosal aneurysms, although the numbers in this series remain small.
